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Abstract. The necessity of adding higher order multiquark interactions to the three flavor NJL
model with UA(1) breaking, in order to stabilize its vacuum, is discussed.
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It has recently been shown [1] that the SU(3)L×SU(3)R chiral symmetric Lagrangian
with axial UA(1) breaking composed of the 4q (q =quark) Nambu-Jona-Lasinio (NJL)
[2] and 2N f = 6q determinantal ’t Hooft [4] terms, for the u,d,s quarks, has no stable
ground state. Global stability is implemented [3] by the addition of chiral invariant and
OZI violating eight quark interactions. The multiquark picture is present in several ap-
proaches to low energy hadron dynamics: i) The instanton vacuum provides evidence
in favour of 2N f -quark interactions (in the zero mode approximation). In leading 1/Nc
order they are given by the ’t Hooft determinant [4], which breaks the axial UA(1) sym-
metry and is a source of OZI-violating effects. ii) Non zero modes play an important role
as well [5] , to comply with the Banks and Casher result for chiral symmetry breaking
[6]. The effective quark Lagrangian derived from the instanton gas model, considered be-
yond the zero mode approximation, predicts 4q,6q, . . . ,2nq, . . . interactions, all equally
weighted at large Nc [7]. iii) Lattice results for gluon correlators [8] reveal a hierarchy
with dominance of the lowest ones; they could trigger a similar hierarchy in terms of the
multiquark interactions, after integrating out the gluonic degrees of freedom. Within our
model the hierarchy in multiquark interactions is made possible in the large Nc count-
ing scheme. The minimal constellations which support the symmetry principles of low
energy QCD and have a globally stable vacuum involve 4q, 6q and 8q interactions. We
suppose that these interactions are localized in the interval Λcon f < Λ < ΛχSB of confin-
ing and chiral symmetry breaking scales. The effects of multiquark terms on the vacuum
are easily illustrated by calculating the scalar effective potential in the SU(3) chiral limit
(the general case mu 6=md 6= ms is derived in [3]). Results are displayed in fig. 1, as func-
tion of the order parameter for chiral symmetry breaking. The upper panel represents the
Wigner-Weyl, the lower panel the phase of spontaneous chiral symmetry breaking, the
corresponding curvature of the potential at the origin is not altered by inclusion of higher
multiquark interactions, see details in caption and [9]. Spontaneous breakdown of chi-
ral symmetry can also occur superimposed to the Wigner-Weyl phase, induced by the ’t
Hooft interactions (figure at far right).
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FIGURE 1. Effective potential V in the SU(3) limit, calculated in the stationary phase approximation
(SPA), h ∝ quark condensate, τ ∝ curvature of V at origin. Each panel shows the typical form of the
potential when one adds successively to the 4q case (a,d) the 6q (b,e) and 8q (c,f) terms. In (b,d) it
is shown that the ’t Hooft interaction ∼ 6q renders the NJL vacuum of (a,d) metastable in the mean
field approximation, VMF , (SPA leads to a vacuum without any local minimum; VMF = V only for stable
configurations). Global stabilization is achieved by adding the 8q terms, figs. (c,f). Upper far right:a closer
view of fig. 1c. A further mechanism of chiral symmetry breaking is at play at some critical value of κ .
This phase coexists with the Wigner-Weyl phase.
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The Nc counting rules for the different couplings of the model are G ∼ 1/Nc, κ ∼
1/N3c , 1/N5c ≤ g1 ≤ 1/N4c , related with the 4q,6q and 8q interactions respectively.
We now address the effects of the 8q forces on the low lying spin zero meson
mass spectra. Here we discuss the trends, for numerical results see [9]. The effect on
pseudoscalars is small and observed in the η −η ′ mass splitting,
m2η = m
2
0−
8(m2K −m2pi)2 +3cq
9(m2η ′−m
2
0)
, (1)
where m20 =
1
3(4m
2
K−m
2
pi) is the Gell-Mann – Okubo result for the η-mass. Numerically
m0 = 565MeV is just a bit larger than the phenomenological value mη = 547.30±
0.12MeV. The remainder originates in the repulsion of η and η ′ and is a SU(3)
breaking effect of second order. The Witten-Veneziano correction, i.e., the second term
∼ (m2K −m
2
pi)
2
, is related to the topological susceptibility and is about four times larger
than required [10], leading to a too low value for the η mass. The coefficient cq extends
the Veneziano result by including corrections from ’t Hooft and 8q interactions [9]. They
yield an additional small correction ∼ 2% to the Witten-Veneziano term. In the large Nc
limit the η,η ′ masses coincide with the result of Veneziano and Witten and 8q effects
are absent in the leading order result for the topological susceptibility, although formally
they could contribute [9],
χ(0)|YM =
κ
4
(
M
2G
)3
(large Nc), (2)
where M stands for the constituint quark mass in the SU(3) limit.
In the scalar sector we get the following hierarchy within the nonet ( f−0 , f+0 stand for
the singlet-octet mixed states) :
m f−0 < ma0 < mK∗0 < m f+0
which can be understood already at leading order of Nc, [9]. So within the model
restrictions (no confinement, no renormalizability) the scalar mesons built from one-
loop quark-antiquark interactions do not conform with the empirical ordering of their
masses. If the "ab initio" calculated li of the model reproduce the values obtained in a
recent investigation within unitarized CHPT, in which an imposed large Nc limit helps
to explore the quark-antiquark versus a more intricate meson structure [11], the present
Lagrangian yields further evidence in favour of a more complex structure.
A significant effect of 8q interactions is present in the low lying σ meson ( f−0 ), seen
from the approximate sum rule [12] in a large Nc estimate
m2η ′ +m
2
η −2m2K +m2f+0 +m
2
f−0 −2m
2
K∗0
=−6ELO1 +O
(
1
N2c
)
. (3)
The E1 term on the RHS has its origin in an 8q interaction term stemming from the mass
relations f−,+0 , and contributes at 1/Nc order, if g1 ∼ 1/N4c . This term has a negative
sign, decreasing the sum m2f−0
+m2f+0
. With increasing g1 mainly the value of m f−0 is
lowered [9] and the octet-singlet splitting grows in the scalar nonet. This sum rule is a
good illustration of the possible impact of the eight-quark OZI violating forces on the
scalar mesons.
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